Effects of structural analogues of the substrate and allosteric regulator of the human mitochondrial NAD(P)+-dependent malic enzyme.
Fumarate, a four-carbon trans dicarboxylic acid, is the allosteric activator of the human mitochondrial NAD(P)(+)-dependent malic enzyme (m-NAD(P)-ME). In this paper, we discuss the effects of the structural analogues of fumarate on human m-NAD(P)-ME. Succinate, a dicarboxylic acid with a carbon-carbon single bond, can also activate the enzyme, but the activating effect of succinate is less than that of fumarate. Succinamide, a diamide of succinate, cannot activate the enzyme and is a poor active-site inhibitor. The cis isomer of fumarate, maleic acid, significantly inhibits the ME activity, suggesting that the trans configuration of fumarate is crucial for operating the allosteric regulation of the enzyme. Other dicarboxylic acids, including glutaconic acid, malonic acid and alpha-ketoglutarate, cannot activate the enzyme and inversely inhibit enzyme activity. Our data suggest that these structural analogues are mainly active-site inhibitors, although they may enter the allosteric site to inhibit the enzyme. Furthermore, these data also suggest that the dicarboxylic acid must be in a trans conformation for allosteric activation of the enzyme.